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(54) Low current four-wire interface for five-wire resistive touch-screen 



(57) A method and apparatus for making a five-wire 
touch-screen compatible with a four-wire interface is 
provided. A non-microprocessor-based converter is 
used that can be integrated directly into the touch- 
screen housing or the screen-to-interface ribbon cable. 
In one aspect of the converter, an analog logic and 
switching element routes the reference voltage from the 
four-wire controller to a current injection control device. 
The current injection control device applies a constant 
current to the outermost screen member of the touch- 
screen. When the outermost screen member and the 
innermost screen member of the touch screen come into 
contact, the current from the outermost member is in- 



jected into the resistive coating of the innermost mem- 
ber at the point of contact. The injected current is dis- 
tributed to the four contact electrodes of the innermost 
member in direct proportion to the coordinates of the 
point of contact. Each of the four currents is converted 
to a voltage and routed to a logic amplifier that outputs 
a pair of voltages proportional to the x- and y-coordi- 
nates of the compression point. In another aspect of the 
converter, a feedback circuit is provided that ensures 
that the voltages proportional to the x- and y-coordinates 
continuously track the reference voltage. As a result of 
this feedback circuit, the coordinate measurement sys- 
tem is both stable and reliable. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to touch sensi- 
tive screens and, more particularly, to a system and 
method that allows a five-wire screen to be directly used 
with a four-wire operating system. 

BACKGROUND OF THE INVENTION 

[0002] Touch-screens are used in conjunction with a 
variety of display types, including cathode ray tubes (/. 
a, CRTs) and liquid crystal display screens (i.e., LCD 
screens), as a means of inputting information into a 
computer system. When placed over a display, the 
touch-screen allows a user to select a displayed icon or 
element by touching the screen in a location that corre- 
sponds to the desired icon or element. 
[0003] A variety of touch-screen types have been de- 
veloped. One type of touch screen utilizes transparent 
layers of resistive material separated by a pattern of in- 
sulative material. When a user presses on the touch 
screen, the layers of resistive material come into contact 
with one another and complete a circuit. By utilizing a 
voltage gradient in the circuit, the magnitude of the volt- 
age at the point of screen compression can be used to 
determine the compression location along one axis of 
the screen. The use of this technique along two orthog- 
onal axes provides the actual location at which the 
screen was pressed. 

[0004] There are two types of resistive touch-screens 
dominating the market today: four-wire systems and 
five-wire systems. Four-wire systems have had more 
commercial success than five-wire systems, primarily 
due to their low power consumption and the simplicity 
of the required external circuitry. However, five-wire 
touch-screens are preferable from a reliability stand- 
point as these touch-screens are typically rated to sur- 
vive at least an order of magnitude more touches than 
four-wire systems. The difference in reliability is due to 
the basic differences in screen design. In a four-wire 
system the top resistive layer is used to measure direc- 
tional current along one axis. Therefore the conductivity 
of the top resistive layer must remain uniform. However, 
as the top surface undergoes repeated compressions, 
the uniformity of the resistive layer gradually degrades, 
leading to inaccurate readings and eventual screen fail- 
ure. In contrast, all directional measurement in a five- 
wire system is provided by the lower resistive layer. The 
upper surface must merely retain its conductivity. There- 
fore changes in the uniformity of the resistive layer of 
the top surface does not degrade the performance of 
the five-wire system until this layer undergoes complete 
failure (i.e., all conductive pathways are lost). 
[0005] There is an increasing trend to incorporate 
touch technology into a wide variety of system applica- 
tions, and a new generation of microprocessor compo- 
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nents and system software designed to serve this new 
market is becoming commercially available. The initial 
market for which these components and software were 
designed employed a four-wire touch screen and con- 

5 sequently, it is this four-wire interface that predomi- 
nates. Further, there is a large customer base in the 
process control and medical segments of the touch- 
screen market that employs custom electronics and 
software designed to interface with four wire systems, 

10 which, by reason of their shorter life cycle, must be re- 
placed on a regular basis. Therefore, if an end-user 
wishes to incorporate a five wire touch -screen into his 
design, or to replace a four wire touch-screen with the 
more reliable five wire unit, new interface electronics 

*s and software are necessary, the design of which consti- 
tutes an economic barrier to accessing these growing 
market segments. 

[0006] From the foregoing it is apparent that a con- 
verter that would allow a five-wire touch-screen to be 
20 plugged into a four-wire controller without modifying the 
controller hardware and software is desirable. 

SUMMARY OF THE INVENTION 

25 [0007] The present invention provides a method and 
apparatus for making a five-wire touch-screen compat- 
ible with a four-wire interface. The invention utilizes a 
non-microprocessor-based converter that is configured 
into a module that can be readily integrated into a five- 

30 wire touch-screen, e.g., as a 5-pin to 4-pin adapter, for 
four-wire applications without modification of the five- 
wire touch-screen design. 

[0008] In one aspect of the invention, an analog logic 
and switching element in the converter routes the refer- 

35 ence voltage from the four-wire controller to a current 
injection control device. The current injection control de- 
vice applies a constant current to the outermost screen 
member of the touch-screen. When the outermost 
screen member and the innermost screen member of 

40 the touch screen come into contact at a localized region 
due to a touch, the current from the outermost member 
is injected into the resistive coating of the innermost 
member at the point of contact. The injected current is 
distributed to the four contact electrodes of the inner- 

4S most member in direct proportion to the coordinates of 
the point of contact. Each of the four currents is convert- 
ed to a voltage and routed to a logic amplifier. The logic 
amplifier outputs a voltage proportional to the x-coordi- 
nate of the compression point and a voltage proportional 

so to the y-coordinate of the compression point as expect- 
ed by the four-wire controller. 
[0009] In another aspect of the invention, the logic 
amplifier outputs a voltage that is the sum of the voltages 
from the four current converters. This voltage sum is 

55 routed to a comparator that compares the voltage sum 
with the reference voltage. If a voltage difference is de- 
tected, the current injected into the outermost screen 
member is adjusted accordingly. This feedback circuit 
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ensures that the voltages proportional to the x- and y- 
coordinates continuously track the reference voltage, 
resulting in a stable and reliable coordinate measure- 
ment system. 

[0010] In a further aspect of the invention, the analog s 
logic and switching element senses when the four-wire 
controller enters its quiescent state, and returns a 
'wake-up' signal to the controller when the touch-screen 
is compressed. 

[001 1] A further understanding of the nature and ad- 
vantages of the present invention may be realized by 
reference to the remaining portions of the specification 
and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a schematic representation of a four-wire 
touch-screen system according to the prior art; 
Fig. 2 is a schematic representation of a five-wire 
touch-screen system according to the prior art; 
Fig. 3 is an illustration of the present invention; 
Fig. 4 is a schematic representation of the converter 
of the present invention; 

Fig, 5 is a schematic of an embodiment of the logic 
amplifier used in the present invention; and 
Fig. 6 illustrates the basic methodology of the in- 
vention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

[0013] Fig. 1 is a schematic illustration of a four-wire 
touch-screen system according to the prior art. The sys- 
tem includes a composite touch-screen 100 that is 
formed of two screen members 101 and 103, each coat- 
ed with a transparent layer of a resistive material. 
Screen members 101 and 103 are separated so that 
they only touch when pressure is applied to the surface 
of the outermost screen, for example through the use of 
a finger or a stylus. Although a variety of different tech- 
niques can be used to separate the two screens, typi- 
cally one of the surfaces separating the two members 
is coated with a matrix of small insulator dots 105. Dots 
105 are small enough to have minimal effect on the 
transparency of touch-screen 100. Such dots and other 
insulating means are disclosed in U.S. Patent Nos. 
4,220,815 and 3,798,370, the disclosures of which are 
incorporated herein for all purposes. 
[0014] In order to allow the two screens to be touch 
sensitive, outermost screen member 101 must be de- 
formable. Therefore screen member 101 is typically fab- 
ricated from a plastic material. Alternatively, screen 
member 101 can be fabricated from a flexible glass 
sheet. The inner surface of each screen member is coat- 
ed with a transparent conductive material, such as indi- 
um-tin-oxide (i.e., ITO) or tin-antimony-oxide (he., ATO). 
Further details of such coatings may be found in U.S. 



Patent No. 4,220,815. 

[0015] In the four-wire system, each screen member 
includes a pair of conductive bus bars. Bus bars 107 
and 109 are placed on the opposite ends of screen 
member 101 . Bus bars 111 and 1 1 3 are similarly placed 
on the opposite ends of screen member 103 although 
in orthogonal positions relative to bus bars 107 and 109. 
All four bus bars are coupled to a state controller 115 
that is coupled to a voltage source 117, a ground 119, 
and a voltage measurement system 121 . State control- 
ler 115 may be integrated into an overall system, such 
as a computer, or built as a stand-alone device. Control- 
ler 1 1 5 sequentially applies voltage gradients across the 
two screen members by alternately applying a voltage 
gradient to bus bars 107/109 and bus bars 111/113. 
[001 6] During operation, when pressure is applied to 
outermost screen member 101, contact is made be- 
tween the two screen members. Assuming that a volt- 
age gradient is first applied to bus bars 1 07 and 1 09, the 
voltage is sampled by screen member 103. The magni- 
tude of the sampled voltage is converted to a known dis- 
tance along the measured axis. After the first measure- 
ment is made controller 115 inverts the process, apply- 
ing a voltage gradient along the second orthogonal axis 
between bus bars 1 1 1 and 1 1 3. Controller 1 1 5 also cou- 
ples the measurement system to screen member 101, 
thus allowing the voltage to be sampled between the 
second set of bus bars. The second voltage is converted 
to a distance along the second axis. The intersection of 
the measured distance along the first axis with the 
measured distance along the second axis defines the 
point on touch-screen 100 where pressure was applied. 
[0017] Measurement system 121 can be designed to 
measure the voltages using a variety of well-known 
techniques. Typically measurement system 121 in- 
cludes an analog to digital converter (ADC) that is used 
to provide a digitized output to the computer, processor, 
or other device utilizing the touch-screen. 
[001 8] In many applications, in particular those in bat- 
tery-powered systems, the touch-screen is used to 
'wake up' a computer from a quiescent state. In this 
mode of operation of the four-wire controller, the lower 
surface of the touch-screen is connected to ground and 
the upper surface is connected to an excitation voltage 
via a resistor. When the upper surface is connected to 
the lower surface by a touch action, current flows 
through the resistor and the voltage drop across the re- 
sistor is employed to cause the controller to exit its qui- 
escent state. . 

[0019] Further details regarding four-wire resistive 
touch-screens are disclosed in U.S. Patent Nos. 
3,622,105 and 5,228,562, the disclosures of which are 
incorporated herein for all purposes. 
[0020] Fig. 2 is a schematic representation of a five- 
wire touch-screen according to the prior art. As in the 
four-wire system, the touch screen 200 is comprised of 
two individual members 201 and 203. However in this 
system outermost screen member 201 is dedicated to 
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the function of voltage sampling and therefore does not 
require a homogeneous resistive layer. As a result, both 
the reliability and the light transmission of touch-screen 
200 are greatly improved over four-wire touch-screen 
100. 

[0021] In the five-wire system, innermost screen 
member 203 includes the four electrodes necessary to 
determine both the x- and y-coordinates of a screen 
compression point while outermost screen member 201 
performs the function of voltage sampling. Thus as op- 
posed to four connections between the screen and the 
controller, the five-wire system requires five connec- 
tions. As in the four-wire system, a controller 205 is re- 
quired in order to alternate applying the excitation volt- 
age across each of the coordinate pairs and measuring 
the sampled voltage. 

[0022] Typically the four connections between con- 
troller 205 and screen member 203 are made at screen 
corners 207-210. The electrodes at comers 207-210 are 
coupled to controller 205 via a series of conductive trac- 
es applied to screen member 203 and a simple ribbon 
cable 211 . In order to accurately locate the position of a 
screen touch, it is important to establish linear gradients 
along each axis. Typically linearity is achieved using a 
relatively complex pattern of voids within the resistive 
coating and a silver frit 216 that is in contact with the 
resistive coating. For example, U.S. Patent No. 
4,661 ,655 discloses a specially designed resistive bus 
structure designed to provide more rectilinear field lines, 
the disclosure of which is incorporated herein for all pur- 
poses. The present invention is not, however, limited to 
five-wire screen members in which linearity is achieved 
using voids or frit patterns. 

[0023] As in the four- wire system, pressure applied to 
outermost screen member 201 causes contact to be 
made between the two screen members. During oper- 
ation, controller 205 applies a voltage gradient across a 
pair of electrodes using a voltage source 213 and a 
ground 215. Measurement system 217 samples a volt- 
age which is proportional to the distance along one axis 
of screen 200. Controller 205 then applies a voltage gra- 
dient across a second pair of electrodes, allowing the 
distance along the second, orthogonal axis to be deter- 
mined. Controller 205 also provides for a touch action 
to 'wake up' the system from a quiescent state. In this 
mode of operation each corner of the screen 200 is ex- 
cited with a reference voltage, and a touch action caus- 
es this voltage to be sampled by measurement system 
217 and subsequently used by the system as a signal 
to exit its quiescent state. 

[0024] Further details regarding five-wire resistive 
touch-screens are disclosed in U.S. Patent Nos. 
4,220,815; 4,661,655; 4,731,508; 4,822,957; 
5,045,644; and 5,220,136, the disclosures of which are 
incorporated herein for all purposes. 
[0025] Fig. 3 is an illustration of the present invention. 
A converter 301 allows five-wire touch-screen 200 to be 
coupled to four-wire controller 115. Preferably converter 



301 is added in a modular manner to touch-screen 200 
such that the basic five-wire touch-screen design may 
be used in either a four-wire or a five-wire application. 
For example, converter 301 may be integrated into a rib- 

5 bon cable such that cable 303 is a five-wire cable and 
cable 305 is a four-wire cable. 
[0026] Fig. 4 is a schematic representation of the pre- 
ferred embodiment of the invention. Controller 115 is a 
standard four-wire controller, providing both voltage ref- 

10 erence 117 and ground 11 9 to converter 301. Measure- 
ment system 121 is also coupled to converter 301 , and 
hence touch-screen 200, via controller 115. As noted 
above, controller 115 may either be a stand-alone con- 
troller, or integral to a host system 401 (e.g., a compu- 

*5 ter). Host system 401 performs the processing required 
to report the touch coordinates. 
[0027] The four-wire interface between controller 115 
and converter 301 is coupled to an analog logic and 
switching element 403. Element 403 steers the refer- 

20 ence voltage, V refl from controller 1 1 5 to a current injec- 
tion control device 405 in either coordinate measure- 
ment state of the four-wire controller. Device 405 pro- 
vides a constant current to screen member 201 . Ele- 
ment 403 also responds to the requests of four-wire con- 

25 trailer 115 for the required routing of voltages corre- 
sponding to the x- and y-coordinate information since 
controller 115 employs different pin connections for the 
x-and y-coordinate data. 

[0028] When screen members 201 and 203 are com- 

30 pressed at a localized region, ie., touched, the current 
from member 201 is injected into resistive member 203 
at the point of contact. The injected current is distributed 
in direct proportion to the coordinates of the compres- 
sion point to the four electrodes, in this example the four 

35 corner electrodes 207-210. The proportional currents 
from each of the four electrodes, 207-21 0, are routed to 
four current converters, 407-410, respectively. Current 
converters 407-410 convert the received currents to four 
voltages that are proportional to the coordinates of the 

40 compression point. In at least one embodiment of the 
invention, the output of each current converter 407-410 
. is fed into a sample-and-hold circuit 411-414, respec- 
tively. The sample-and-hold circuits, although not an es- 
sential feature of the invention, may be employed for lo- 

45 cal data storage to compensate for delays between four- 
wire state controller 1 1 5 and reception of the proportion- 
al currents. 

[0029] The outputs of current converters 407-410, or 
of sample-and-hold circuits 41 1 -41 4 if used, are coupled 

50 to a logic amplifier 41 7. Logic amplifier 41 7 outputs three 
voltages each time touch-screen 200 is touched. The 
first voltage, V x , is proportional to the x-coordinate of the 
compression point; the second voltage, V y , is propor- 
tional to the y-coordinate of the compression point; and 

55 v sum is tne sum of tne voltages from current converters 
407-411. 

[0030] Output V sum of amplifier 417 is directed to a 
comparator 41 9 coupled to current injection control de- 
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vice 405. Comparator 41 9 compares the V sum output of 
amplifier 417 to the V ref input directed by analog and 
switching element 403 from controller 115. If a voltage 
difference is detected between V sum and V ref> the cur- 
rent injected by control device 405 into screen member 5 
201 is adjusted until the two voltages are substantially 
equivalent. This feedback circuit ensures that V x and V y 
continuously track V ref) resulting in stable and reliable 
coordinate measurement. Alternatively, the feedback 
circuit could compare currents, i.e., I ref and l sum . Outputs 
V x and V y of amplifier 417 are routed to state controller 
115 via analog and switching element 403, providing 
controller 115 with the measured voltages expected 
from a four-wire touch-screen. 
[0031] Fig. 5 schematically illustrates an embodiment 
of logic amplifier 417. As shown, the inputs to amplifier 
417 are from current converters 407-410. Alternatively, 
if sample-and-hold circuitry is used, the inputs to ampli- 
fier 41 7 are from sample-and-hold circuits 41 1 -41 4. The 
outputs from converters 407 and 408 are summed by a 
summing amplifier 501 . Similarly, the outputs from con- 
verters 409 and 410 are summed by a summing ampli- 
fier 503 and the outputs from converters 408 and 409 
are summed by a summing amplifier 504. The outputs 
from amplifiers 501 and 503 are summed by a fourth 
summing amplifier 505, yielding the V sum output of logic 
amplifier 417. The output of amplifier 505 is also input 
into two difference amplifiers 507 and 509. The second 
input to difference amplifier 509 is the output of summing 
amplifier 501 . The output of difference amplifier 509 is 
V x . Similarly, the second input to difference amplifier 507 
is the output of summing amplifier 504 while the output 
of difference amplifier 507 is V y . 
[0032] Fig. 6 illustrates the basic methodology of the 
invention. Initially the touch-screen is in an off mode 
(step 601). This mode is used by most resistive touch- 
screens, including both four-wire and five-wire systems, 
to minimize power consumption during periods of non- 
use. In the present invention, the analog logic and 
switching element senses this mode and returns a sig- 
nal to the four-wire controller to exit the quiescent mode 
and return to its measurement mode when a touch oc- 
curs. 

[0033] In the present invention, although current may 
be injected into screen member 201, unless the screen 
is touched, there is no current flow into innermost screen 
member 203 and therefore no power consumption. 
Once touch-screen 200 is touched (step 603), current 
is injected into innermost screen member 203 (step 605) 
which is distributed to the four innermost screen mem- 
ber contact points 207-21 1 in proportion to the x- and y- 
coordinates of the screen touch (step 607). The four pro- 
portional currents are converted into four proportional 
voltages (step 609). Preferably the four voltages are 
summed (step 611) and compared to the reference volt- 
age output by four-wire controller 1 1 5 (step 61 3), there- 
by allowing the constant current supplied to outermost 
screen member 201 to be adjusted in order to balance 



the summed voltages to the reference voltage (step 
615). The detected voltages that are proportional to the 
x- and y-coordinates of the screen touch are then sent 
to controller 115 (steps 617 and 61 9). The system then 
is put on hold awaiting the next screen touch. 
[0034] As will be understood by those parties familiar 
with the art, the present invention may be embodied in 
other specific forms without departing from the spirit or 
essential characteristics thereof. Accordingly, the dis- 
closures and descriptions herein are intended to be il- 
lustrative, but not limiting, of the scope of the invention 
which is set forth in the following claims. 



interface converter to couple a five-wire touch- 
een to a four-wire interface, the interface con- 
fer comprising: 

a current injection device, wherein said current 
injection device supplies a constant current to 
an outer screen member of said five-wire touch- 
screen when said five-wire touch-screen is cou- 
pled to said interface converter and said five- 
wire touch-screen is compressed; 
a logic element coupled to said four-wire inter- 
face, said logic element sensing a mode of op- 
eration of said four-wire interface; 
a switching element coupled to said logic ele- 
ment, wherein said switching element routes a 
reference voltage from said four-wire interface 
to said current injection device when said four- 
wire interface is coupled to said interface con- 
verter, wherein said constant current is based 
on said reference voltage; 
a plurality of current converters coupled to a set 
of four inner screen member electrodes of said 
five-wire touch -screen when said five-wire 
touch-screen is coupled to said interface con- 
verter, wherein said plurality of current convert- 
ers convert a plurality of position proportional 
currents to a plurality of position proportional 
voltages; and 

a logic amplifier coupled to said plurality of cur- 
rent converters, wherein said logic amplifier 
outputs a first voltage and a second voltage, 
wherein said first voltage is proportional to a x- 
coordinate of a five-wire touch -screen com- 
pression point and said second voltage is pro- 
portional to a y-coordinate of said five-wire 
touch-screen compression point, wherein said 
first and second voltages are routed to said 
four-wire interface when said four-wire inter- 
face is coupled to said interface converter. 

2. The interface converter of claim 1 , further compris- 
ing a plurality of sample-and-hold circuits coupled 
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to said plurality of current converters. 

3. The interface converter of claim 1 , wherein said log- 
ic amplifier outputs a third voltage, wherein said 
third voltage is the summation of the voltages from s 
said plurality of current converters. 

4. The interface converter of claim 3, further compris- 
ing a comparator, wherein said reference voltage 
and said third voltage are routed into said compa- 10 
rator, wherein said constant current supplied by 
said current injection device is varied depending up- 
on an output of said comparator. 

5. The interface converter of claim 1 , wherein said log* « 
ic amplifier is further comprised of a plurality of sum- 
ming and difference amplifiers. 

6. The interface converter of claim 1 , further compris- 
ing a ribbon cable coupled to said five-wire touch- 20 
screen, wherein said interface converter is embed- 
ded within said ribbon cable. 

7. The interface converter of claim 1 , further compris- 
ing a ribbon cable coupled to said five-wire touch- 25 
screen, wherein said interface converter is bonded 

to said ribbon cable. 

8. An interface converter coupled to a five-wire touch- 
screen with a first screen member and a second 30 
screen member, the interface converter comprising: 

a current injection device coupled to said first 
screen member, said current injection device 
supplying a constant current to said first screen 35 
member; 

a switching element coupled to said current in- 
jection device, wherein said switching element 
routes a reference voltage to said current injec- 
tion device, wherein said constant current is di- *o 
rectly related to said reference voltage; 
a plurality of current converters coupled to a set 
of four electrodes coupled to said second 
screen member, said plurality of current con- 
verters converting a plurality of position propor- 45 
tional currents to a plurality of position propor- 
tional voltages; and 

a logic amplifier coupled to said plurality of cur- 
rent converters, wherein said logic amplifier 
outputs a first voltage and a second voltage, so 
wherein said first voltage is proportional to a x- 
coordinate of a five-wire touch-screen com- 
pression point and said second voltage is pro- 
portional to a y-coordinate of said five-wire 
touch-screen compression point. 55 

9. The interface converter of claim 8, further compris- 
ing a comparator, wherein said logic amplifier out- 



puts a third voltage that is the summation of said 
plurality of position proportional voltages from said 
plurality of current converters, wherein said refer- 
ence voltage and said third voltage are routed to 
said comparator, wherein said constant current 
supplied by said current injection device is varied 
depending upon an output of said comparator. 

10. The interface converter of claim 8, further compris- 
ing a four-wire interface coupled to said interface 
converter, wherein said four-wire interface supplies 
said reference, voltage and wherein said first and 
second voltages are supplied to said four-wire in- 
terface. 

11. A method of coupling a five-wire touch-screen to a 
four-wire interface, the method comprising the 
steps of: 

supplying a reference voltage to a converter 

from said four-wire interface; 

supplying a constant current by said converter 

to a first screen of said five-wire touch-screen, 

said constant current related to said reference 

voltage; 

distributing said constant current to each of a 
set of four electrodes located on a second 
screen of said five-wire touch-screen, wherein 
said current distributed to each of said four 
electrodes is proportional to a set of coordi- 
nates corresponding to a five-wire touch- 
screen compression point; 
converting said distributed currents to a set of 
four proportional voltages; 
outputting a first voltage proportional to a x-co- 
ordinate of said five-wire touch-screen com- 
pression point to said four-wire interface; and 
outputting a second voltage proportional to a y- 
coordinate of said five-wire touch-screen com- 
pression point to said four-wire interface. 

12. The method of claim 11, further comprising the 
steps of: 

summing said four proportional voltages; 
comparing said summed voltages to said refer- 
ence voltage; and 

adjusting said constant current supplied by said 
converter to said first screen of said five-wire 
touch-screen until said summed voltages and 
said reference voltage are substantially equiv- 
alent. 
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CONTACT POINTS IN PROPORTION TO COORDINATES OF SCREEN 
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PROPORTIONAL CURRENTS CONVERTED TO PROPORTIONAL 
VOLTAGES 
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STATE CONTROLLER 
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